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Nickel cadmium s p a c e c r a f t  b a t t e r i e s  are be ing  f i t t e d  
, - w i t h  a u x i l i a r y  or c o n t r o l  e l e c t r o d e s  t h a t  i n d i c a t e  t h e  
f u l l y  charged  s ta te  of  t h e  b a t t e r y .  Two t y p e s  are b e i n g  
e v a l u a t e d  by Goddard e n g i n e e r s  and s c i e n t i s t s .  The s t u d i e  
i n c l u d e  performance c h a r a c t e r i s t i c s ,  methods o f  instrumen- 
t a t i o n  and u t i l i z a t i o n ,  l i f e  expec tancy ,  and r e l a t i o n s h i p  
of performance t o  t empera tu re ,  dep th  o f  d i s c h a r g e  and i n t e r -  
n a l  c e l l  p r e s s u r e .  
and development is necessa ry  before t h e  f u l l  p o t e n t i a l  o f  
t h i s  d e v i c e  w i l l  be realized. 
I t  is cons ide red  t h a t  c o n t i n u i n g  r e s e a r c h  
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I 
Nickel  cadmium s p a c e c r a f t  ba t te r ies  are be ing  f i t t e d  
w i t h  a u x i l i a r y  o r  c o n t r o l  e l e c t r o d e s  t h a t  i n d i c a t e  t h e  f u l l y  
charged s ta te  of  t h e  b a t t e r y .  Two t y p e s  are b e i n g  e v a l u a t e d  
by Goddard e n g i n e e r s  and s c i e n t i s t s .  The s t u d i e s  i n c l u d e  
performance characteristics, methods of  i n s t r u m e n t a t i o n  and 
u t i l i z a t i o n ,  l i f e  expectancy,  and r e l a t i o n s h i p  o f  performance 
t o  t empera tu re ,  d e p t h  o f  d i s c h a r g e  and i n t e r n a l  c e l l  p re s su re .  
I t  is cons ide red  t h a t  c o n t i n u i n g  r e s e a r c h  and development is 
n e c e s s a r y  before t h e  f u l l  p o t e n t i a l  o f  t h i s  d e v i c e  w i l l  be 
realized. 
i 
The need f o r  cha rge  c o n t r o l  i n  these batteries is 
a s s o c i a t e d  w i t h  t h e  requirement  t o  l i m i t  i n t e r n a l  p r e s s u r e  
r i se  w i t h i n  h e r m e t i c a l l y  sealed c e l l s .  Whenever a c e l l  be- 
comes f u l l y  charged ,  t h e  i n t e r n a l  p r e s s u r e  rises due t o  g a s  
e v o l u t i o n .  The p o s i t i v e  electrode becomes f u l l y  charged  be- 
f o r e  t h e  n e g a t i v e  e l e c t r o d e ;  t h e r e f o r e ,  oxygen is gene ra t ed  
d u r i n g  overcharg ing .  
t h i r d  ( c o n t r o l )  e l e c t r o d e  t o  d e t e c t  t h e  oxygen and t h e r e b y  
produce a d i f f e r e n c e  i n  p o t e n t i a l  between t h e  c o n t r o l  and 
n e g a t i v e  electrodes f o r  s i g n a l  purposes.  Two t y p e s  o f  con- 
iroi electi-odes tiam been developed. These electrodes are 
known as t h e  a d s o r p t i o n  hydrogen e l e c t r o d e  and oxygen f u e l  
c e l l  e l e c t r o d e .  Emphasis is placed CE t h e  z d s o r p t i o n  hydro- 
gen electrode because of i ts e a r l y  a v a i l a b i l i t y  and t h e  
l a r g e  amount of data accumulated a t  Goddard. 
Manufacturers  are i n c o r p o r a t i n g  a 
The fo l lowing  a s p e c t s  of t h e  c o n t r o l  electrodes have 
been s t u d i e d :  (1) In s t rumen ta t ion  r e q u i r e d  f o r  c o n t r o l  cir- 
c u i t r y ;  (2) The performance c h a r a c t e r i s t i c s  of t h e  a d s o r p t i o n  
hydrogen e l e c t r o d e  i n  f i v e - c e l l  b a t t e r i e s  o p e r a t i n g  a t  d e p t h s  
o f  d i s c h a r g e  of 10% t o  40% and t empera tu res  of  -2OOC t o  4OOC; 
(3) The f u n c t i o n  o f  t h e  e x t e r n a l  impedance i n  producing  t h e  
c o n t r o l  s i g n a l  between v a l u e s  of 150 t o  300 m i l l i v o l t s ;  (4) 
The r e l a t i o n s h i p  between t h e  c o n t r o l  electrode s i g n a l  and 
t h e  i n t e r n a l  p r e s s u r e  r ise  of t h e  c e l l s ;  and (5) The r e l a t i v e  
charac te r i s t ics  of t h e  a d s o r p t i o n  hydrogen e l e c t r o d e  and t h e  
oxygen f u e l  c e l l  e l e c t r o d e s  under i d e n t i c a l  c o n d i t i o n s ,  i . e . ,  
w i t h  b o t h  e l e c t r o d e s  o p e r a t i n g  w i t h i n  t he  same (common) 
n i c k e l  cadmium c e l l .  
A l l  b a t t e r i e s  u s e d  were f i v e - c e l l  assemblies. One ’bat- 
t e r y  c o n t a i n e d  s i x  ampere-hour c e l l s  equipped w i t h  t h e  a d s o r p  
t i o n  hydrogen e l e c t r o d e s , a n d  a second b a t t e r y  c o n s i s t e d  of  
twe lve  ampere-hour ce l l s  w i t h  oxygen f u e l  cel l  electrodes. 
I n  e a c h  case, each  ce l l  con ta ined  an a u x i l i a r y  e l e c t r o d e .  
The a u x i l i a r y  electrodes were connected e x t e r n a l l y  t o  t h e  
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)x-kh n e g a t i v e  (cadmium) e l e c t r o d e  t e r m i n a l  t h rough  selected 
r e s i s t a n c e  v a l u e s  based upon the performance d e s i r e d .  A 
v o l t a g e s  and c o n t r o l  t h e  cha rg ing  of t h e  b a t t e r y . l  
a u x i l i a r y  electrode g e n e r a t e s  c u r r e n t  t o  deve lop  t h e  p r e s e t  
v o l t a g e ,  t h e  s o l i d  s t a t e  s c a n n e r  a d j u s t s  t h e  conductance of ., l 
a series t r a n s i s t o r  t o  a p r e s e t  t r i c k l e  cha rge  rate. The 
system remains i n  t h i s  c o n d i t i o n  u n t i l  t h e  h i g h e s t  a u x i l i a r y  
electrode v o l t a g e  fa l l s  below t h e  p r e s e t  t r i p  p o i n t .  
- s o l i d  s ta te  s c a n n e r  w a s  des igned  t o  s e n s e  t h e  electrode 
When t h e  
A most impor t an t  c h a r a c t e r i s t i c  of t h e  a d s o r p t i o n  hydro- 
gen electrode w a s  no ted  i n  t h e  f a c t  t h a t  t h e  o u t p u t  v o l t a g e  
s i g n a l  is a l i n e a r  f u n c t i o n  o f  t h e  oxygen gas p r e s s u r e  w i t h i n  
t h e  cel l .  T h i s  c h a r a c t e r i s t i c  enab le s  one t o  a d j u s t  t h e  per- 
c e n t a g e  r echa rge  desired from 90% t o  140%. Some tes t s  in- 
dicated an  optimum amount f o r  r echa rg ing  from 110% t o  115%. 
These measurements w e r e  made by vary ing  t h e  t h i r d  electrode 
e x t e r n a l  r e s i s t a n c e  w h i l e  h o l d i n g  t h e  v o l t a g e  t r i p  p o i n t  
c o n s t a n t  and by v a r y i n g  t h e  t r i p  p o i n t  w h i l e  h o l d i n g  t h e  re- 
s i s t a n c e  c o n s t a n t .  . 
A most d i f f i c u l t  problem w i t h  t h e  a d s o r p t i o n  hydrogen 
e l e c t r o d e  relates t o  t h e  c r i t i c a l l y  s m a l l  v o l t a g e  d i f f e r e n c e  
between t h e  end of cha rge  and t h e  beginning  of charge .  Cases 
are no ted  wherein t h e  v o l t a g e  is h ighe r  t h a n  t h e  t r i p  v o l t a g e  
a t  t h e  beginning  of t h e  cha rge  c y c l e ,  c a u s i n g  a f i v e  t o  t e n  
minute  d e l a y  b e f o r e  t h e  commencement of charg ing .  I n  a con- 
v e n t i o n a l  90-minute o rb i t a l  regime, t h e r e  is no t  enough t i m e  
during t r i c k l e  charge ani discharge to re r~mhi_?e  the gas 
g e n e r a t e d  a t  t h e  end of charge.  Gas g e n e r a t i o n  is i n e v i t a b l e ,  
s i n c e  i t  is cons ide red  necessa ry  t o  r echa rge  a ce l l  a t  25oC 
an amount i n  e x c e s s  of 11.0%. 
The behavior  of  t h e  a d s o r p t i o n  hydrogen electrode v o l t -  
age w i t h  r e s i s t a n c e  v a l u e s  from 1 t o  25 ohms h a s  been examined 
i n  de t a i l .  
s t a n t  a t  120% and t h e  t empera tu re  a t  27OC. It w a s  observed  
t h a t  t h e  r a t io  of t h e  c o n t r o l  e l e c t r o d e  t r i p  v o l t a g e  t o  t h e  
minimum c o n t r o l  e l e c t r o d e  vs .  cadmium v o l t a g e  d u r i n g  charge  
i n c r e a s e s  as t h e  r e s i s t a n c e  dec reases ,  i n d i c a t i n g  tha t  t h e  
c o n t r o l  e l e c t r o d e  supplements  r e d u c t i o n  of t h e  oxygen p r e s s u r e  
i n  t h e  cell .  I t  w a s  a lso observed t h a t  t h e  maximum power 
p o i n t  o c c u r s  a t  7.5 ohms and t h e  maximum va lue  of t h e  above N 
r a t i o  o c c u r s  a t  1.3 ohms. 
The p e r c e n t  r e c h a r g e  of t h e  b a t t e r y  w a s  h e l d  con- 
.I 
Another problem of some concern w a s  observed  i n  t h a t  
there w a s  about  75 m i l l i v o l t s  ' v a r i a t i o n  b e t w e e n  a d s o r p t i o n  
hydrogen e l e c t r o d e  v o l t a g e s  of cells i n  series. A l l  these 
c e l l s  had t h e  same i n t e r n a l  gas pres su re ,  envi ronmenta l  
t e m p e r a t u r e s  and a u x i l i a r y  r e s i s t a n c e  va lues .  Instrumenta-  
t i o n  for t h a t  c o n d i t i o n  s u g g e s t s  the a p p l i c a t i o n  of d i f f e r e n t  
t r i p  v o l t a g e  v a l u e s  and d i f f e r e n t  r e s i s t a n c e  v a l u e s  for each  
ce l l  i n  a series s t r i n g .  
Work performed on t h e  a p p l i c a t i o n  of t h e  oxygen f u e l  ce l l  
c o n t r o l  e l e c t r o d e  h a s  been somewhat l i m i t e d .  However, it h a s  
r e s p e c t  t o  t h e  i n t e r n a l  gas  p re s su res .  I n  f a c t ,  t h e  o n s e t  
of oxygen e v o l u t i o n  produces and a c c e l e r a t e d  t r i p  v o l t a g e  ,, I 
which premature ly  s i g n a l s  t h e  charge c o n t r o l l e r  b e f o r e  t h e  
b a t t e r y  has  a t t a i n e d  t h e  f u l l y  charged state.  As expe r i enced  
w i t h  t h e  a d s o r p t i o n  t y p e  e l e c t r o d e ,  t h e  s e l e c t i o n  of  t h e  ex- 
t e r n a l  r e s i s t a n c e  of  t h e  c o n t r o l  e l e c t r o d e  becomes c r i t i ca l .  
The oxygen recombina t ion  rate of t h i s  e l e c t r o d e  exceeds  t he  
recombina t ion  rate of  t h e  a d s o r p t i o n  t y p e  by a t  least a fac-  
t o r  of t e n .  
- been observed t h a t  t h e  s i g n a l  produced is no t  l i n e a r  w i t h  
1. Marine Eng inee r ing  Labora tory  R&D Phase Report  283/64, -., 
I "Sol id  S t a t e  C i r c u i t  Development, '' by P. P.M. Liwski ,  
d a t e d  A p r i l  1965. 
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